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HEATING ELEMENTS DEPOSITED ON A 
SUBSTRATE AND RELATED METHOD 

FIELD OF THE INVENTION 

The present invention relates to heating elements and to 
methods of making heating elements on a Substrate using 
photocurable compositions, and in particular to heating 
elements and methods of making heating elements adhered 
to flexible Substrates that are Sensitive to volatile organic 
compounds. 

BACKGROUND ART 

The applications of flexible heating elements are ubiqui 
tous and includes Such applications as heating pads, cup 
warmers, and food warmers. Flexible heating elements are 
typically made from a grid network of wire embedded in an 
electrically insulating fire resistance matrix that protects the 
end user from electrical shock and does not ignite when the 
heating element is used. 

Various designs exist for forming heating elements in 
which a grid pattern is deposited on a flexible Substrate. In 
one type of design electrically conductive patterns are 
deposited on a Substrate from a liquid composition that is 
cured to produce the conductive pattern. However, these 
liquid compositions typically contain volatile organic com 
pounds (“VOCs”) that are undesirable for a number of 
health and environmental reasons. For example, VOCs 
escape into the atmosphere resulting in water and air pol 
lution. The cost of complying with Strict government regu 
lation on Solvent emission levels is high. Moreover, the 
presence of VOCS in these liquid compositions Severely 
limits the materials that can be used as Substrates. For 
example, many types of polymeric Substrates dissolve or are 
marred by VOCs. More importantly, many of the prior art 
liquid compositions do not produce conductive patterns that 
can withstand severe flexing that is desirable in flexible 
heating elements. 

Generally, liquid compositions may be cured either by 
heating or by exposure to actinic radiation (i.e., UV light). 
Heat curable liquid in particular may be utilized to form 
electrically conductive coatings. However, Such composi 
tions almost always contain VOCs. Heat curable composi 
tions also present other disadvantages Such as Slow cure 
times which lead to decreased productivity. Moreover, heat 
curable compositions require high energy for curing due to 
energy loSS as well as the energy required to heat the coating. 
In addition to the limitations on Substrate Selection imposed 
by the VOCs, the need to heat cure limits substrates to 
materials that are heat tolerant at the curing temperatures. 

Ultraviolet (“UV") curable compositions may also be 
used to form electrically conductive coatings. Many UV 
curable compositions in the prior art also contain significant 
amounts of VOCs. Moreover, UV compositions tend to have 
high molecular weights and a Substantial degree of croSS 
linkage due to the highly reactive nature of the composition. 
AS a result, many of these compositions Suffer from low 
durability and resin shrinkage. With the use of many such 
compositions, an inordinately high amount of UV light is 
required to cure. New formulations that lessen these prob 
lems typically Suffer from diminished abrasion, chemical, 
and Scratch resistance as well as low thermal Stability and 
adhesion. An additional disadvantage of typical UV com 
positions is their lack of Stability which results in dispersion. 
With Some compositions, Suspended Solids fall out of Solu 
tion after a period of one to two dayS. Dispersion adversely 
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2 
affects the gloss and clarity of the finished product. To 
combat this problem, new compositions have been formu 
lated with higher viscosities which often lessen the flowabil 
ity of the composition. These Viscous formulations rule out 
Spray application and provide for an unsuitably high dipping 
thickness. 

Accordingly, there exists a need for improved processes 
of forming heating elements on a Substrate; and in particular 
for improved processes of forming heating elements on 
substrates that are flexible and/or damaged by VOCs. 

SUMMARY OF THE INVENTION 

The present invention overcomes the problems encoun 
tered in the prior art by providing in one embodiment a 
method for depositing heating elements on a Substrate. The 
method of the invention comprises applying a photocurable 
composition to a Substrate in a pattern having one or more 
grid lines. The photocurable composition is curable into an 
electrically conductive layer. Moreover, Volatile organic 
compounds are present in the photocurable composition in 
an amount of less than about 10% of the total weight of the 
photocurable composition. After the photocurable composi 
tion is applied to the Substrate, it is illuminated with light for 
a Sufficient period of time to cure the photocurable compo 
sition that has been applied to the Substrate. The method of 
the present invention is advantageously used to form a 
heating element on flexible Substrates which typically con 
tain plastics that are at least partially Soluble in volatile 
organic compounds or Softened by Volatile organic com 
pounds. Such Substrates are not amenable to composition 
that are thermally cured and may be degraded by composi 
tions that contain Solvents and other volatile organic com 
pounds. 

In another embodiment of the present invention a heating 
element deposited on a flexible substrate by the methods of 
the invention is provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a top view of a heating element made by the 
method of the present invention having two busbars, 

FIG. 2 is a top view of a heating element made by the 
method of the present invention having three busbars, 

FIG. 3 is a cross section of a multilayer structure which 
incorporates a heating element made by the method of the 
invention; and 

FIG. 4 is a cross section of a refinement of the invention 
in which a thermally insulating layer is incorporated in a 
multilayer Structure which includes a heating element made 
by the method of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT(S) 

Reference will now be made in detail to presently pre 
ferred compositions or embodiments and methods of the 
invention, which constitute the best modes of practicing the 
invention presently known to the inventors. 

In an embodiment of the present invention, a method for 
making a heating element adhered to a Substrate is provided. 
The heating element made by the method of the invention 
will be in a pattern that includes one or more gridlines. 
Moreover, this pattern will further include one or more 
busbars from which the one or more gridlines extend. AS 
used herein, heating element refers to the combination of the 
gridlines and busbars. More preferably, the pattern com 
prises a first busbar and a Second busbar wherein the one or 
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more gridlines extend between and are in electrical contact 
with the first busbar and the second busbar. With reference 
to FIG. 1 a top view of a heating element made by the 
method of the invention is illustrated. Heating element 2 
which is deposited on thin plastic Substrate 4 includes 
busbars 6,8. Gridlines 10 extend between busbars 6 and 8. 
A Voltage is applied between positions 12 and 14 thereby 
causing gridlines 10 to resistively heat. The actual amount of 
heating will in part be determined by the magnitude of the 
applied Voltage and the electrical resistance between posi 
tions 12 and 14. With reference to FIG. 2, a top view of 
another heating element with three busbars is provided. 
Heating element 20 which is deposited on thin plastic 
Substrate 22 includes busbars 24, 26, 28. Gridlines 30 extend 
between busbars 24 and 29. Gridlines 32 extend between 
busbars 26 and 28. A voltage is applied between positions 34 
and 36 thereby causing gridlines 30 and 32 to resistively 
heat. Flexible heating elements having the general form of 
FIG. 2 are made by screen printing UVAG 0010 on polyester 
Substrates or on non-woven fabrics over-coated with poly 
ethylene. In this latter example, the photocurable composi 
tion is applied to the coated side. UVAG 0010 is commer 
cially available from Allied PhotoChemical located in 
Kimble, Mich. 
With reference to FIG. 3, a cross section of a multilayer 

Structure which incorporates a heating element made by the 
method of the invention is provided. In this variation, 
heating element 40 includes gridlines 42 and busbars (not 
shown) which have been deposited on substrate 44 by the 
method of the invention. Suitable Substrates include leather, 
cloth, foil, rigid or flexible plastics, polyester, 
polypropylene, polyethylene, PVC, metals, glass, paper, 
Vinyl, wood, foam products, fiberglass, ABS, Kevlar, Lexan, 
Scrim, woven and non-woven fabrics, rubber, cement, 
painted surfaces, and the like. Preferably, Substrate 44 is a 
woven or non-woven fabric. Substrate 44 is optionally 
overcoated by optional coating 46 which is a preferably a 
plastic Such as polyethylene or polypropylene. The combi 
nation of substrate 44 and gridlines 42 and the busbars are 
then attached to layer 48 which optionally includes coating 
50 which again is preferably a plastic Such as polyethylene 
or polypropylene. Moreover, layer 48 may be leather, cloth, 
foil, rigid or flexible plastics, polyester, polypropylene, 
polyethylene, PVC, metals, glass, paper, Vinyl, wood, foam 
products, fiberglass, ABS, Kevlar, Lexan, Scrim, woven and 
non-woven fabrics, rubber, cement, painted Surfaces, and the 
like. Preferably, layer 48 is a woven or non-woven fabric. 
Layer 48 may be laminated to substrate 44 with heat when 
one or both of substrate 44 and layer 48 are coated by a 
plastic coating. Alternatively, layer 48 may be attached to 
Substrate 44 by any attaching methods. Examples include, 
for example, Sonic welding, Solvent welding, glueing, and 
the like. Moreover, attachment of layer 48 to substrate 44 
may be at multiple locations at the interface between layer 
48 and substrate 44 or along edge 50 (periphery) of the 
overlap between layer 48 and Substrate 44. With reference to 
FIG. 4, a cross section of a refinement of the invention in 
which a thermally insulating layer is incorporated in a 
multilayer Structure which includes a heating element made 
by the method of the invention is provided. Heating element 
60 includes gridlines 62 and busbars (not show) deposited 
on Substrate 64 by the method of the invention. Suitable 
Substrates include leather, cloth, foil, rigid or flexible 
plastics, polyester, polypropylene, polyethylene, PVC, 
metals, glass, paper, Vinyl, wood, foam products, fiberglass, 
ABS, Kevlar, Lexan, Scrim, woven and non-woven fabrics, 
rubber, cement, painted Surfaces, and the like. Preferably, 
Substrate 44 is a woven or non-woven fabric. Substrate 64 is 
optionally overcoated by optional coating 66 which is a 
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4 
preferably a plastic Such as polyethylene or polypropylene. 
The combination of substrate 64 and gridlines 62 and the 
busbars are then attached to layer 68 which optionally 
includes coating 70 which again is preferably a plastic Such 
as polyethylene or polypropylene. Moreover, layer 68 may 
be leather, cloth, foil, rigid or flexible plastics, polyester, 
polypropylene, polyethylene, PVC, metals, glass, paper, 
Vinyl, wood, foam products, fiberglass, ABS, Kevlar, Lexan, 
Scrim, woven and non-woven fabrics, rubber, cement, 
painted surfaces, and the like. Preferably, layer 68 is a 
woven or non-woven fabric. Insulating layer 72 is inter 
posed between layer 68 and the combination of substrate 64 
and gridlines 62. Layer 68 may be made of any thermally 
insulating material. An example is Thinsilate" commer 
cially available from 3M Company. Layer 68 and the 
combination of substrate 64 and gridlines 62 are attached 
together along edge 74 in the same manner as Set forth above 
for FIG. 3. 
The heating elements of the present invention are made by 

the method comprising applying a photocurable composi 
tion to a Substrate in a pattern having one or more grid lines. 
The photocurable composition is curable into an electrically 
conductive layer and Volatile organic compounds are present 
in the photocurable composition in an amount of less than 
about 10% of the total weight of the photocurable compo 
Sition. More preferably, Volatile organic compounds are 
present in the photocurable composition in an amount of leSS 
than about 5% of the total weight of the photocurable 
composition, and most preferably, Volatile organic com 
pounds are present in the photocurable composition in an 
amount of less than about 1% of the total weight of the 
photocurable composition. Unless Stated otherwise, all per 
centages are weight percentages of the total weight of the 
photocurable composition. The resulting pattern on the 
Substrate is illuminated for a Sufficient period of time to cure 
the photocurable composition that has been applied to the 
substrate. Preferably, the substrate is a flexible substrate. 
Suitable substrates include leather, cloth, foil, rigid or flex 
ible plastics, polyester, polypropylene, polyethylene, PVC, 
metals, glass, paper, Vinyl, wood, foam products, fiberglass, 
ABS, Kevlar, Lexan, Scrim, woven and non-woven fabrics, 
rubber, cement, painted Surfaces, and the like. Moreover, 
many of the Substrates may be over-coated with solvent 
Sensitive materials. Such as polypropylene or polyethylene. 
Often the substrate will include a component that is at least 
partially Soluble in volatile organic compounds or is Soft 
ened by Volatile organic compounds. Such Sensitive Sub 
Strates include rigid and flexible plastics, polyethylene, 
polypropylene, rubber, painted Surfaces, and the like. 
Accordingly, it is important that the photocurable composi 
tions used in the method of the present invention do not 
contain significant amounts of volatile organic compounds 
which damage Such Sensitive Substrates. 
The Step of applying the photocurable composition to the 

Substrate is accomplished by a number of techniques known 
to one skilled in the art. Such techniques include, for 
example, brushing, Spraying dipping, flexographic 
techniques, and Screen printing. Screen printing is preferred 
because it is easy to form patterns on Substrates by Screen 
printing. A Sufficient amount of the photocurable composi 
tion is added So that the resulting heating element will draw 
from about 1 to 25 amps when a DC voltage from about 0.5 
to about 36 volts is applied or when an AC voltage from 
about 110 to about 230 volts is applied. 

Curing of the photocurable composition is effected by 
illumination with light which causes the composition to 
polymerize to form a coating. Preferably, the illumination is 
accomplished by ultraviolet light. Preferred ultraviolet 
radiation Sources for a number of applications include 
known ultraViolet lighting equipment with energy intensity 
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settings of, for example, 125 watts, 200 watts, and 300 watts 
per Square inch. 

The photocurable composition used in the method of the 
invention comprises a photocurable organic mixture, an 
electrically conductive composition, and a photoinitiator. 
The preferred photocurable compositions are the Silver 
compositions and other electrically conductive compositions 
disclosed in U.S. Pat. No. 6,290,881, the entire disclosure of 
which is hereby incorporated by reference. The photocur 
able organic mixture typically contains one or more photo 
curable oligomers. Preferably, the one or more photocurable 
oligomers are Selected from the group consisting of an 
aliphatic acrylated oligomers, acrylated epoxy oligomers, 
and mixtures thereof. More preferably, the photocurable 
organic mixture comprises an aliphatic acrylated urethane 
oligomers and an acrylated epoxy oligomers. 

The photocurable organic mixture used in the method of 
the present invention preferably includes an aliphatic acry 
lated oligomer as Set forth above. The aliphatic acrylated 
oligomer is present in an amount of about 3% to 8% of the 
total weight of the photocurable composition, and preferably 
about 8% of the total weight, of the photocurable compo 
Sition. The aliphatic acrylated oligomer preferably com 
prises a urethane oligomer. Suitable aliphatic acrylated oli 
gomers include Radcure Ebecryl 244, Ebecryl 264 and 
Ebecryl 284 urethanes, commercially available from Rad 
cure UCB Corp. of Smyrna, Georgia; Sartomer CN961, 
CN963, CN964, CN 966, CN982 and CN 983, commercially 
available from Sartomer Corp. of Exton, Pa.; TAB FAIRAD 
8010, 8179, 8205, 8210, 8216, 8264, M-E-15, UVU-316, 
commercially available from TAB Chemicals of Chicago, 
Ill., and Echo Resin ALU-303, commercially available from 
Echo Resins of Versaille, Mo.; and Genomer 4652, com 
mercially available from Rahn Radiation Curing of Aurora, 
Ill. The preferred aliphatic acrylated oligomers include Ebe 
cryl 264 and Ebecryl 284. Ebecryl 264 is an aliphatic 
urethane triacrylate Supplied as an 85%. Solution in hexan 
diol diacrylate. Ebecryl 284 is aliphatic urethane diacrylate 
of 1200 molecular weight diluted with 1,6-hexandiol dia 
crylate. It is obvious to one skilled in the art that combina 
tions of these materials may also be employed herein. 

The photocurable organic mixture used in the method of 
the present invention preferably further includes an acry 
lated epoxy oligomer. The acrylated epoxy oligomer is 
present in an amount of about 2% to 4% of the total weight 
of the photocurable composition, and preferably about 3% 
of the total weight of the photocurable composition. Suitable 
acrylated epoxy oligomers include Radcure Ebecryl 3603, 
commercially available from Radcure UCB Corp.; Sartomer 
CN120 and CN124, commercially available from Sartomer 
Corp.; and Echo Resin TME 9310 and 9345, commercially 
available from Echo Resins. The preferred acrylated epoxy 
oligomer is Ebecryl 3603, which tri-functional acrylated 
epoxy novolac. Combinations of these materials may also be 
employed herein. 

The photocurable organic mixture used in the method of 
the present invention preferably includes includes an ethyl 
enically unsaturated monomer having Formula I: 

wherein R is hydrogen or Substituted or unsubstituted alkyl, 
and R is Substituted or unsubstituted alkyl having more than 
4 carbon atoms, cycloalkyl, cycloalkenyl, or Substituted or 
unsubstituted aryl. Preferably R is hydrogen or methyl; and 
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R is isoborynl, phenyl, benzyl, dicylcopentenyl, diclypen 
tenyl oxyethyl, cyclohexyl, and naphthyl. The most pre 
ferred ethyleneically unsaturated monomers are isobornyl 
acrylate monomers. The isobornyl acrylate monomer is 
preferably present in an amount of about 4% to 8% of the 
total weight of the photocurable composition, and more 
preferably about 5% of the total weight of the photocurable 
composition. Suitable isobornyl acrylate monomers include 
Sartomer SR-423 (isobornyl methacrylate) and SR-506 
(isobornyl acrylate) available from Sartomer Corp.; Radcure 
IBOA (isobornyl acrylate), commercially available from 
Radcure Corp.; IBOA and IBOMA, commercially available 
from CPS Chemical of Bradford, England; and Genomer 
1121, commercially available from Rahn Radiation Curing. 
The preferred isobornyl acrylate monomer is Radcure 
IBOA, commercially available from Radcure Corp. Radcure 
IBOA is a high purity, low color monomer. Combinations of 
these materials may also be employed herein. 
The preferred electrically conductive composition con 

tained in the photocurable composition used in the method 
of the invention preferably comprises a component Selected 
from the group consisting of Silver, carbon black, doped 
metal oxides, metal nitrides, and mixtures thereof. These 
electrically conductive powders are most usefully used as 
powders or flakes. A suitable carbon black powder is Printex 
L commercially available from EM Industries of Hawthorne, 
N.Y. A suitable doped metal oxide is an antimony tin oxide 
powder such as Minatec 40 commercially available from 
EM Industries of Hawthorne, N.Y. Examples of metal 
nitrides include titanium nitride and Vanadium nitride. 
Preferably, the electrically conductive composition com 
prises silver powder in an amount of about 20% to 60% of 
the total weight of the photocurable composition. More 
preferably, the electrically conductive composition com 
prises silver powder in an amount of about 50% to 60% of 
the total weight of the photocurable composition, and most 
preferably about 52% of the total weight of the photocurable 
composition. The Silver powder comprises a plurality of 
particles. In this preferred photocurable composition, the 
Silver powder has a particle Size range for these particles of 
about 5 microns to about 15 microns. In Some embodiments, 
the Silver powder has a particle size range of about 4.7 
microns to about 14.9 microns. Preferably, the silver powder 
particles have a particle size distribution wherein about 10% 
of the particles have a particle size of less than about 4.7 
microns, about 50% of the particles have a particle size of 
less than about 7.6 microns, and about 90% of the particles 
have a particle size of less than about 14.9 microns. The 
preferred silver powders are Silver Powder EG-ED and 
Silver Powder C-ED commercially available from Degussa 
Corp. of South Plainfield, N.J. 
The preferred electrically conductive composition further 

includes a silver flake composition. Preferably, the silver 
flake composition is present in an amount of about 15% to 
40% of the total weight of the photocurable composition. 
More preferably, the Silver flake composition is present in an 
amount of about 25% to 35% of the total weight of the 
photocurable composition, and most preferably about 30%, 
of the total photocurable composition. The silver flake 
composition comprises a plurality of flakes which comprise, 
and which preferably consist essentially of, silver. The silver 
flake composition according to this embodiment has a 
particle size range of about 5 microns to about 32 microns. 
More preferably, the Silver flake composition has a particle 
size range of about 5.5 microns to about 32.0 microns. The 
silver flake particle size distribution preferably is such that 
about 10% of the particles have a particle size of less than 
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about 5.5 microns, about 50% of the particles have a particle 
size of less than about 12.5 microns, and about 90% of the 
particles have a particle size of less than about 32.0 microns. 
The preferred silver flake compositions are Silver Flake # 
25, Silver Flake #1, and Silver Flake #7A commercially 
available from Degussa Corp. of South Plainfield, N.J. 

This photocurable composition also includes a photoini 
tiator in an amount of about 3% to 6% of the total weight of 
the photocurable composition, and preferably about 4% of 
the total weight of the photocurable composition. Suitable 
photoinitiators include Irgacure 184 (1-hydroxycyclohexyl 
phenyl ketone), 907 (2-methyl-1-4-(methylthio)phenyl-2- 
morpholino propan-1-one), 369 (2-benzyl-2-N,N- 
dimethylamino-1-(4-morpholinophenyl)-1-butanone), 500 
(the combination of 1-hydroxy cyclohexyl phenyl ketone 
and benzophe none), 651 (2,2-imethoxy-2-phenyl 
acetophenone), 1700 (the combination of bis(2, 
6dimethoxybenzoyl-2,4-,4-trimethyl pentyl phosphine 
oxide and 2-hydroxy-2-methyl-1-phenyl-propan-1-one), 
Ciba-Geigy 1700, and DAROCUR 1173 (2-hydroxy-2- 
methyl-1-phenyl-1-propane) and 4265 (the combination of 
2,4,6-trimethylbenzoyldiphenyl-phosphine oxide and 
2-hydroxy-2-methyl-1-phenyl-propan-1-one), available 
commercially from Ciba-Geigy Corp., Tarrytown, N.Y.; 
CYRACURE UVI-6974 (mixed triarylsulfonium hexafluo 
roantimonate salts) and UVI-6990 (mixed triaryl Sulfonium 
hexafluorophosphate Salts) available commercially from 
Union Carbide Chemicals and Plastics Co. Inc., Danbury, 
Conn.; and Genocure CO, Genocure BOK, and 
GenocureMBF, commercially available from Rahn Radia 
tion Curing. The preferred photoinitiator is Irgacure 1700 
commercially available from Ciba-Geigy of Tarrytown, N.Y. 

The photocurable composition optionally includes a flow 
promoting agent. Preferably the flow promoting agent is 
present in an amount of about 0.1% to 4% of the total weight 
of the photocurable composition, and preferably about 2.0% 
of the total weight of the photocurable composition. Suitable 
flow promoting agents are the same as those listed above. 
The preferred flow promoting agent is Modaflow which is an 
ethyl acrylate and 2-ethylhexyl acrylate copolymer that 
improves the flow of the composition. 

While embodiments of the invention have been illustrated 
and described, it is not intended that these embodiments 
illustrate and describe all possible forms of the invention. 
Rather, the words used in the Specification are words of 
description rather than limitation, and it is understood that 
various changes may be made without departing from the 
Spirit and Scope of the invention. 
What is claimed is: 
1. A method for making a heating element adhered to a 

Substrate, the method comprising: 
a) applying a photocurable composition to Substrate in a 

pattern having one or more grid lines, the photocurable 
composition comprising 

an aliphatic acrylated urethane oligomer; 
acrylated epoxy oligomer; 
an isobornyl acrylate monomer; 
Silver powder, 
Silver flakes, and 
a photoinitiator, wherein the photocurable composition 

has less than about 10 weight % volatile organic 
compounds and wherein the Substrate comprises a 
plastic that are at least partially Soluble in Volatile 
organic compounds or Softened by volatile organic 
compounds, and 

b) illuminating the photocurable composition to light for 
a Sufficient period of time to cure the photocurable 
composition that has been applied to the Substrate. 
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2. The method of claim 1 wherein the silver flakes are 

present in an amount of at least 20% relative to the weight 
of the silver powder. 

3. The method of claim 1 wherein, 
the aliphatic acrylated urethane oligomer is present in an 

amount of about 3% to 8% of the total weight of the 
photocurable composition; 

the acrylated epoxy oligomer is present in an amount of 
about 2% to 4% of the total weight of the photocurable 
composition; and 

the isobornyl acrylate monomer is present in an amount of 
about 4% to 8% of the total weight of the photocurable 
composition; 

the silver powder is present in an amount of about 50% to 
60% of the total weight of the photocurable composi 
tion; and 

the silver flakes are present in an amount of about 25% to 
35% of the total weight of the photocurable composi 
tion. 

4. The method of claim 1 wherein the pattern further 
includes one or more busbars from which the one or more 
gridlines extend. 

5. The method of claim 1 wherein the pattern comprises 
a first busbar and a second busbar wherein the one or more 
gridlines extend between and are in electrical contact with 
the first busbar and the second busbar. 

6. The method of claim 1 wherein the Substrate is a 
flexible Substrate. 

7. The method of claim 1 wherein the Substrate is a 
flexible Substrate. 

8. The method of claim 1 wherein the photocurable 
composition comprises a component Selected from the group 
consisting of Silver, carbon black, a doped metal oxide, and 
mixtures thereof. 

9. The method of claim 1 wherein the electrically con 
ductive composition comprises Silver powder and Silver 
flakes in an amount of at least 20% relative to the weight of 
the silver powder. 

10. The method in claim 1 wherein; 
a) the photocurable organic mixture comprises: 
an aliphatic acrylated urethane oligomer is present in an 

amount of about 3% to 8% of the total weight of the 
photocurable composition; 

acrylated epoxy oligomer is present in an amount of about 
2% to 4% of the total weight of the photocurable 
composition; 

an isobornyl acrylate monomer is present in an amount of 
about 4% to 8% of the total weight of the photocurable 
composition; 

silver powder is present in an amount of about 50% to 
60% of the total weight of the photocurable composi 
tion; and 

silver flakes are present in an amount of about 25% to 
35% of the total weight of the photocurable composi 
tion. 

11. The method of claim 1 wherein the photocurable 
composition further comprises a flow promoting agent. 

12. The method of claim 1 wherein the electrical com 
position further includes a Second conductive powder 
Selected from the group consisting of carbon black and a 
doped metal oxide. 


